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The Three Hundred and Fifty-Third Ordinary General
Meeting of the Institution was held at the Institution

' of Mechanical Engineers, Storey's Gate, Westminster,
on Thursday evening, December 6th, 1900, Professor
JOHN PERRY, F.R.S., President, in the Chair.

The minutes of the Ordinary General Meeting held on
November 29th, 1900, were read and confirmed.

Donations to the Building Fund were announced as
having been received since the last meeting from Mr.
A. T. Snell and Mr. T. Mills, to whom the thanks of the
meeting were duly accorded.

Messrs. H. L. Leach and W. H. Merriman were appointed
scrutineers of the ballot for new members.

RESUMPTION OF DISCUSSION ON PAPER BY MR. W.
LANGDON, VICE-PRESIDENT, ON THE " SUPERSESSION
OF THE STEAM BY THE ELECTRIC LOCOMOTIVE."

^r- , Mr. ROBERT HAMMOND : I think we must all be struck in reading
Hammond. °

this most valuable paper of Mr. Langdon's at the immense new field
which he is opening out for the young as well as the old electrical
engineers. One cannot help, when viewing this vast field, being
reminded of the great achievements that our modest force of elec-
tricity has made in the past. All must have enjoyed the speech made
by Sir William Preece in the discussion on Mr. Gavey's paper, when he
pointed out that more than twenty-five years ago the Institution mar-
velled over the great discoveries that were being made in the application
of electricity to the telegraph, and how every new invention succeeded,
by the utilisation of the wires then in existence, in very greatly enlarging
the power of the electric telegraph. I was not a member of this Institution
in those days, but I can quite accept Sir William Preece's account. It is,
however, within my memory, and within that of many in the room, that
our members generally were astonished to know that electricity was
going to compete for lighting with the great gas industry. When the bold
conception was started that we should be able to distribute electricity
from a centre and use it for lighting our houses, those of us who were
pioneering that movement were much scoffed at. Well, the Journal
of Gas Lighting notwithstanding, we have lived through that period,
until we are beginning to consider that it is a matter of astonishment
that there is still a gas light in existence. Then some few said, " If we
can distribute energy for doing away with gas lighting, why not dis-
tribute it for the utilisation of our factories ?" and last year we have
seen the first great step that has been made in the passing of those
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important power Bills. It is now within the power of some very Hammond,
eminent financiers in different parts of the country to show the faith
that is in them and to distribute power from a centre for utilisation in
great factories; and if all the anticipations of those various groups
of financiers are realised, electricity will come in touch with every
industry in the land. Then, finally we have Mr. Langdon in a most
painstaking and valuable paper pointing out to us that there is still
another field for the electrical engineer, namely, the supersession of
the steam locomotive. There have been some very bold conceptions
put forth at meetings of this Institution ; but to me, as a constant
railway traveller, there hardly seems a happier suggestion than that we
should do away with the period when we ride behind a chimney and
get so uncomfortable and covered with dust and dirt, just in the same
way as we formerly were content to be illuminated at night with a
light that was competing with us for the oxygen which, is necessary for
life. Mr. Langdon comes before us with a paper that does not deal in
generalities. We are all indebted to Mr. Langdon for the paper, because
he not only shows that such a thing is in his opinion possible, but he
also shows from beginning to end how such a thing can be carried out.
He does not hesitate to suggest certain methods of generation and dis-
tribution of electrical energy. He sets out the capital outlay which his
scheme will cost. He deals with an actual fifty miles of line. He goes
into the question of how he would place his sub-stations, his primary
and his secondary voltage, and he works out the capital cost. That
seems to me a very practical way of dealing with a paper of this kind.
Finally he compares those costs with the costs that are, and have been
for so many years, duly recorded by the steam railways, and he shows
that on the average cost of a large number of years he is prepared to
show a saving of over a quarter of a million. In taking the average cost
over a great many years he has taken a figure which is really unfavour-
able to his argument, because it is well known among railway men that
costs have tended to increase. Mr. Raworth, in a particularly happy
speech at our last meeting, deprecated a criticism of the details of Mr.
Langdon's scheme, and begged us to confine ourselves to the financial
aspect. Of course it is manifest to us that, as far as the actual directors
or railway shareholders are concerned, they care little about the methods,
and they will adopt this new plan or not accordingly as it will increase
or make more certain their dividends. But I cannot follow Mr. Raworth
in his suggestion that the proper way of dealing with Mr. Langdon's
paper is to deal with it only as a question of principle. He has laid before
us a certain scheme. Mr. Mark Robinson, for instance, in opening the
debate, ventured to point out that in his opinion, instead of have one
central station, economy might be obtained by having some five central
stations; and I think it would be the best compliment we could pay to
Mr. Langdon, and would lead to the most practical outcome of this
debate, if we discuss the details of this paper somewhat instead of con-
fining ourselves to the general principle. The two main points of Mr.
Langdon's paper which we, as engineers", should consider may easily be
summed up. The first is, Is the plan of running full-gauge railways by
electricity feasible ? and secondly, Are the estimates that he lays before
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Hammond. u s *n c o n n e c t i o n with this scheme sound or not ? First, with regard
to the feasibility. I think we may unhesitatingly let it go forth as the
opinion of this Institution that that plan is feasible. I think we have
sufficient data before us to say unhesitatingly that full-gauge railways
can be run by electricity, and we are encouraged to say that because it
is actually being done at the present moment. For the past eighteen
months a line has been running, as many members know, from Burg-
dorf to Thun—a full-gauge line which was formerly worked by steam
locomotives, and is now being worked by electric locomotives. That
line has a length of about 25 miles. Comparing it with the plan laid
before us by Mr. Langdon, I may recall the fact that the primary
voltage there is 4,000 volts, and the secondary voltage is 750. It is
4,000 volts at the generating station, raised- up to 16,000, and then it is
lowered down to 750 on the 3-phase system. In addition to that line,
there is another very much larger line. A line is being put down by the
Shuckert Company and Ganz Company of Buda-Pesth for about 70 miles,
and it will, when it reaches Milan, be n o miles long. On the Burgdorf-
Thun line the sub-stations are placed at distances of two miles apart,
whereas on the Northern Italian line they are at distances of 10 miles.
There the extraordinary plan is being introduced of running with a
primary voltage of 20,000, and reducing it only to 3,000 on the motors
onx the car. W h e n I was in Buda-Pesth a short time ago, I had the
pleasure, in company with Mr. Blathy, of running over the trial
portion of the line. They have laid down an actual track and are
running cars upon that line, where the primary voltage is 20,000 and
the secondary voltage in the car is 3,000.

With regard to the figures, I have gone very carefully through them,
and I consider the estimates of working costs are sound. I consider
that the points thrown down by Mr. Robinson are worthy of considera-
tion. W e must remember that the two lines I have referred to go from
a central station, because at the central station there* is water. Our
problem in England differs from the problem in almost every part of
the world in that we have coal apparently at 7s. n i d . per ton, which
can be easily taken to the point where it can be best used.

The T h e P R E S I D E N T : Before calling on Professor Forbes, I will ask the
President. Secretary to read a letter received from Mr. Hoy, the locomotive super-

intendent of the Lancashire and Yorkshire Railway, who spoke last
week.

Mr. Hoy. Mr. H. A. H O Y (communicated): I should have liked an opportunity
to point out to Mr. Langdon a misconception on his part which occurs
on page 142, in which he says : " The main gain, however, is to be found
in the economy of a stationary, as against an itinerant generator, as well
as in the fact that much coal is consumed by goods and mineral trains
when shunted, and by all trains when standing at stations, the whole of
which would be saved if worked by electricity."

I beg to say that this is not so ; in fact, very much the reverse.
Mr. Langdon's stationary engine would be continually revolving, and
coal will be consumed to produce these revolutions, although it may
not be doing any legitimate work. On the other hand, with a loco-
motive the moment it conies to a stand the wheels cease to revolve,
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and the consumption of fuel in the firebox is a negligible quantity, and Mr- H°y-
the conditions of economy are more favourable than those which take
place in the domestic fire-grate. An engine driver who knows his
business, when he is put into a siding or when he stops for any length
of time, closes his damper and opens the firehole door, thus preventing
all draught from passing through the grate, a course of treatment
which, if continued, would result in the fire going out altogether.

The amount of power derived from the coal consumed in a loco-
motive firebox of limited area is so great that the fire is most sensitive
to the fluctuations of load, hence the economy ; whereas in the case of
fuel being burnt in large stationary boilers, the effect upon the fire
when the load on the stationary engine alters from maximum to
minimum at intervals is not noticeable. Again, for the same reason,
due to this elasticity of generative power, a large amount of coal is
consumed in getting up steam and a proportionately large amount of
fuel wasted if the load unexpectedly goes off for a considerable period.

Professor G. FORBES : I have very little to say, and that may make it Professor
appear that I seem to be critical. I do not want my remarks to be
considered in that light. Practically my criticism would amount
almost altogether to this : That this is hardly a paper to be brought
before this Institution; it is of too general a character. It evidently
has not been worked out in its full details. The various methods by
which the work could be done have not been considered, nor have the
details of cost been at all accurately gone into. It does not matter in
the slightest that the result obtained with a stationary engine is cheaper
than with a locomotive, which is practically the result arrived at in this
paper. All I wish to say is that if Mr. Langdon had read this paper
before the Society of Arts, or before some popular audience, or had
published it in some more popular form, it would have deserved
approval in every way, because it draws attention to a subject which
has been interesting engineers for a large number of years, and which,
although not novel to those who happen to be engaged in those
subjects, is novel doubtless to a large number of people generally
interested in the matter. I have said that the subject is an old one
which is well known to all those who have been engaged in discussing
the question of the electric working of railways. If, in elucidating this
point, I draw attention to the work that I have done myself on the
subject, it is not in the least with the idea that I stand alone. The
particular point that has been raised to-night in Mr. Langdon's paper
has been common conversation among us all for the last quarter of a
century. You will find that the only facts in the paper before us that
have not been available, for everybody who has been discussing the
question for the last quarter of a century are the number of trains that
are passing two stations on the Midland Railway. The whole of the
rest of the facts are perfectly accessible to everybody who has been
discussing the question. And here let me point out, while alluding to
those two stations, that Mr. Langdon has chosen the most favourable
instance that was within his cognisance to illustrate the electrical side
of the question. A most important point has been drawn attention to
in the letter which has just been read to you, namely, that no such
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ForbesS01 system for supplying electric power from central stations can, in the
nature of it, pay its dividend on the capital invested unless you have a
continuous service of trains. If you are going to have only a train or-
two an hour, or a train every two hours, the stationary engine loses a
great deal of its benefit during the idle moments. I will just give you
some idea of how people have been working on this subject for many
years. I do not in the least wish to push myself forward as having
done anything in the matter, but I have taken a note of the things
which I happen to have been at work on in connection with the
subject. I first drew attention to the desirability of introducing
electric traction on lines of railway in a lecture at Glasgow in 1879. In
1881 I communicated to the Times an account of the same thing, while
in the following year, before the Society of Arts, I drew attention to
the same subject. Continually from that time onwards myself and
others who are interested in these matters have been discussing this
problem, and they long ago arrived at the conclusion which is con-
tained in this paper, namely, that a stationary engine uses less coal than
a locomotive engine. After that, it has happened that in the ordinary
course of one's profession I have been obliged to investigate very
closely the different methods by which such a service can be given.
At the time when the City and South London Railway was started, Mr.
Greathead invited me to report on the different methods in which that
railway might be run. You remember it was originally intended for a
cable railway, and that was the first practical case which I had to deal
with in which figures of cost and working expenses were wanted.
Subsequently I did in a rough sort of way do something in the United
States dealing with the same question. During the years 1897-98 I
was employed by the Egyptian Government in surveying and reporting
upon the capabilities of the Nile cataracts. Lord Kitchener, then Sir
Herbert Kitchener, the Sirdar, consulted me about his desert railway
from Wady Haifa to Abu Hamed. I pointed out to him that after the
first 100 or 150 miles had been laid, out of every four trains which he
would be sending from Wady Haifa to railhead, three trains would be
carrying nothing but water and coal, and I suggested to him the desira-
bility of introducing stationary engines at Wady Haifa, and laying down
wires to work electric locomotives to carry materials for construction.
He thoroughly appreciated the idea, and would undoubtedly have
carried it out, but time was pressing, and it was impossible to get
materials for this work quickly enough. At the same time, while I was
engaged upon this service, Sir William Garstin, Assistant-Secretary of
Public Works, asked me to pay attention to the feasibility of working
the Nile railways by electricity. In that case I had to go extremely
fully into the details of capital expenditure and working expenses. I
have had to work on the conditions of other railways in different parts
of the world in the same way. In 1897 the editor of the Engineering
Magazine, whom I had not communicated with, happening to know
that I had done something in this way, asked me to write an article for
that magazine, and I wrote a very popular general account of the work.

" The conclusions derived from study extending over many years
are as follows :—
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" ( I ) Incases where water power is always available within a few
hundred miles of a trunk line of railway, it is probable that economy
would be served by introducing electric traction.

"(2) In the case of an independent system of railway to be con-
structed in a new country utterly unaffected by the traffic from steam
railroads, power can be applied to every axle of the train ; wherefore it
will be economical in such a case, in construction and in operation, to
use electric propulsion in preference to steam.

" (3) For desert railways, where water cannot be obtained, electric
traction is eminently suitable.

"(3) In underground railways, such as the Baltimore Tunnel and
the London underground system, where economy is not so important
as convenience and comfort, electricity must be employed ; and, where
such railways are to be constructed, economy makes electricity
advisable.

" (5) In cases of suburban traffic electricity would help to overcome
the competition with street railways by supplying the public with
separate and independent cars running at very frequent intervals on a
well-maintained track."

That is really the same result that has been arrived at by Mr.
Langdon and by many others in looking into this question. Mr.
Hammond has said that one ought to look into the question of the
details of the scheme which Mr. Langdon has put before us. I do not
think Mr. Langdon would claim to have gone really into all the
different ways in which this could be done, otherwise I would criticise
the paper very severely. At any rate, I would put forward very opposite
opinions to those which are contained on page 133 :—

" Midway in the fifty miles of railway is the central station, contain-
ing four 2,500 kilowatt, three-phase, or other characteristic, 10,000 volt
generators. At this pressure current is distributed to sub-stations, each
serving ten miles of railway, where the potential is converted to 600,
from whence it is carried to the contact rail. Or the centre ten-mile
section may be provided for by direct-current generators served from
the same steam plant."

I can only say there is not a single item there which seems to me to
be the right thing for the purpose. I know it is not fair to state things
in that general way, but if I were to go into the whole methods by
which I consider that such a railway ought to be worked, it would take
up far too much time, and would be the result of much more laborious
calculation than the paper itself has been. I wish also to say, since
Mr. Hammond has said we ought to go into the details a little, that I
have looked into some of the figures to a slight extent. I have looked
into the ,-£70,000 that he is going to spend on his go and return rail.
All that is based upon 600 volts pressure, upon a distance serving five
miles from each sub-station, and the general result I get at is that, if it
is copper, 66 square inches would be required to give 10 per cent, drop
at the midway point, which I understand is what he wants. In that
case the total expense on the low-pressure conductors, if -I have under-
stood the paper properly, would be ^330,000 instead of ^70,000 ; but I
may have misunderstood some point in the paper, and therefore I will
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ForbesS°r n o t s a ^ m o r e - I a m afraid that I have seemed more critical than I
really wanted to be. If this paper had been simply a general paper to
the public at large, I have already said it would be a most admirable
paper, most beautifully put and expressed, but as there is nothing in the
paper that has not been better done before, I hardly think it has gone
into sufficient detail, or is sufficiently definite for the Institution of
Electrical Engineers.

Hudiestoii M r > F" HUDLESTON : I hardly agree with the last speaker that it is
unnecessary to deal with details in these matters. I think the chief
points that one can deal with in a paper of this magnitude are the
details of various savings which Mr. Langdon has put before us. I
propose to confine myself generally to the coal consumption that he has
spoken of. First of all, last week Mr. Raworth touched upon what I
think was a serious mistake in Mr. Langdon's figures. He tackled Mr.
Langdon's total output, as shown in the last column of table No. IV., and
said that he had made out practically double that amount. He did not
follow this to its conclusion, but in my opinion he was right. I think
Mr. Langdon has entirely under-estimated the work on heavy railways
such as you have to deal with in steam-locomotives. If you look at
Table IV. you will find the speed given in the fourth column, the load
in the sixth, and the total tractive effort in the seventh. He has
calculated out his Tractive Effort on a formula which, as Mr. Raworth
pointed out, is fairly correct for high speeds, but is not correct for
low speeds. Moreover, he is assuming a perfectly straight road, and
a level one. These things do not exist in practice. You have in reality
uneven roads, and you have heavy ground to go over. If you divide
the tractive effort by the load you will find that Mr. Langdon gives
this startling result. He says he is going to deal with a mineral train
and a goods train with a resistance of only 5^ lbs. That is an
impossibility in railways in England. The ordinary goods train pulled
along has a resistance of at least 10 lbs. on a straight road, but on an
ordinary irregular road the resistance is increased enormously. The
train has to be pulled uphill; on going downhill the brakes must be
put on more or less, and in addition there is frequent starting and

. stopping. Hence the power given out is much larger than the author
states—183 H.P. to pull 500 tons. I propose to take my facts from
Mr. Johnson's paper, which, as Mr. Langdon remarks, is most valuable
for an inquiry of this sort. I have taken chiefly the year 1892. The
figures are given in Mr. Johnson's paper, and it will be found that in
that year Mr. Johnson carried out for the Midland Railway Company
a set of experiments to find out what was the coal consumption on
passenger trains, goods trains, and mineral trains. The figures are all
set out in Mr. Johnson's paper, and he gives the results in pence per
train-mile. He also gives his average price of coal, and if the average
cost of coal per train-mile be divided by the price of a pound of coal,
the average consumption for the three classes of trains is found.
Passenger trains took about 36 lbs. per train-mile, goods trains 53 lbs.,
and mineral trains 62 lbs. That agrees with all the other results that
have been obtained on railways in England—there are dozens of cases.
There was a paper read before the Institution of Civil Engineers in
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1895 by Messrs. Adams and Pettigrew, in which they gave a set of Hu
elaborate experiments on the South-Western Railway. They were
trying an express train, and took diagrams during the whole of the
run. They found there with a train of about 250 tons weight, that it
took about 30 lbs. of coal. It was a fairly easy route, and I expect
Welsh coal was used—in fact they say so. Mr. Smith read a paper
before the Institution of Mechanical Engineers about two years ago on
a similar set of tests on a North-Eastern express of about the same
weight—275 tons. There his coal consumption was about 40 lbs., a
little higher than in the other case. That was ordinary, good North-
Country coal. Then Mr. Webb on the North-Western took a party of
engineers up to Crewe with one of his compound engines. Everything
was tested pretty closely. The train weighed 420 tons, and the coal
consumption was about 44 lbs. per train-mile. All these figures average
about the same per ton-mile. In one case it is 0*14, in another 0*105, and
on the South-Western about o*n lb. The horse-power obtained was,
on the South-Western express very nearly 600 H.P., and on the North-
Eastern from 550 to 800, which averages over 700. Comparing "those
figures with the first figure given by Mr. Langdon in his table of 477
they are very different, and I should say a train of that weight will
require an average horse-power of about 600 to pull it along. Ordinary
passenger trains and empty coaches require very little less power,
because they are always starting and stopping, and there is much to
be done in acceleration. For a train of that size you should not, at a
moderate estimate, have less than 350 H.P. In the next case; Mr.
Langdon puts down 295 H.P. for a train of 400 tons at a speed of
35 miles an hour. It is more likely to be over 400 H.P. A mineral
train, according to Mr. Johnson's figures, burning roughly the same
amount of coal, would come out at about 400 H.P. Any locomotive
superintendent would say that a mineral train of that weight would not
take less than 400 H.P., and he could probably prove it by diagrams if
he chose. Taking these results, we get 6,100 H.P., instead of the total
horse-power which Mr. Langdon has got in his last column but one.
That agrees fairly well with what Mr. Raworth has said. The net result
is, that the power-houses, instead of giving about 5,000 kilowatts, would
have to give nearly 9,000.

Generally speaking, I should say that Mr. Langdon has under-
estimated the whole of his power, and that he would require an
output of nearly double what he has mentioned. Putting it at 9,000
for the moment, I am afraid the coal consumption of 30 lbs. per
train-mile will go up considerably—it goes up, in fact, on my figures to
57. Mr. Langdon, again, calculated on the consumption of 3 lbs. per
kilowatt at his power-house. We have not got that yet even in the
steadiest load of any power-station in England ; but, on a railway, the
load is not a steady load. Mr. Langdon has an average of about four-
teen trains passing through. The power they take varies enormously
from time to time, and a large compound engine, however good it may
be, cannot work economically with a load that varies, we will say, from
60 up to 140 per cent. I have known a railway vary from 50 to 150 per
cent, on its average. You cannot, under those circumstances, expect to
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Hudi generate your power for as low a coal consumption as 3 lbs. I am sure,
at least under our present .knowledge of steam and everything else, that
something like 4 lbs., or 4§- lbs. per kilowatt, would be used. That
brings up the consumption to 85 lbs. per train-mile, instead of 50, as in
the case of the Midland at present. There are several electric railways
in England, and two of them I know well. Both of them have com-
pound condensing engines in the power-houses; both of them have
more trains per hour than Mr. Langdon has, and it is found that their
coal consumption does not compare favourably with that of the Metro-
politan District Railway. The coal consumption of these railways has
been stated at various times from 0*4 up to o"5 lb. per ton-mile. I think
Mr. Cunningham last week gave ^ lb. as the rate for the Central
London, and about 0*4 lb. for the Overhead Railway ; but Mr. Cun-
ningham was perhaps a little beyond the mark in his figure. Yet
taking 0^4 lb. for the work done on these railways, you cannot at
once compare with the kind of railway that Mr. Langdon has spoken
of, because they are for short distances, with frequent starting and
stopping, and have to do an enormous amount of work in accelerating.
But the Underground has much the same conditions of traffic. It is
practically level from station to station, and has no switchbacking.
The Liverpool Overhead Railway is almost the same : it has one
switchback length in its line. On the Central London, which runs at a
much higher speed than the other two, switchbacking does something
like thirty per cent, of the whole power required to pull a train from one
end to another at that speed—that is, the switchbacking does most of the
work of accelerating. Therefore I say one may take these two railways,
the Central London and the District, as a very fair comparison of what
can be fairly well done now by electrical engineers. The District
Railway does its work at 32 lbs. per train-mile ; the Metropolitan does
it at 36. The weight of the train is about 135 or 140 tons, very nearly
the same as the Central London, and that works out at rather less than
£ lb. per ton-mile. The District Railway uses the best coal it can get,
simply because of the fumes that are given out. I do not think you
can fairly claim that the difference between 0^4 and 0^25 lb. is entirely
due to the South Wales coal, though I would ascribe a certain amount
of it to that. I think that the electric railways I am dealing with, if they
were burning good South Wales coal, would probably get down to very
nearly 0*3, but they would have a difficulty in getting past 0*25 lb. This
agrees pretty well with what I put down for the figures on this ideal rail-
way. I think myself that Mr. Langdon has under-estimated it considerably.
With our present knowledge of electricity and steam, I do not see how
one can expect to get an economy of that sort. I believe in a very
short time we may get down to the same coal efficiency, but I do not think
it will be surpassed, and therefore I think that this particular economy
must be wiped off the sheet. After that, I admit all the other things
are an advantage—the electrically driven lines are cleaner, and sweeter,
and the hauling is more regular. The dirt is got rid of, and there is not
the same wear and tear. As regards repairs and so forth, we have had
no experience yet to judge, but Mr. Langdon, fairly enough, assumed
that they will be about the same. I think the coal economy is not
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proved in the least, and that many of the other economies will hardly
stand close inquiry. Each particular item of Mr. Langdon's paper—I
do not agree at all with the last speaker—is worthy of criticism.

Mr. A. A. C. SWINTON : I would like, at the outset, to say I do not Mr.
agree with Professor Forbes that this is a paper not suited to this In-
stitution. I think that it is not only eminently suited, but that it is one
of the most interesting and suggestive papers we have had for a very
long time. About a year ago I had a conversation in London with a
very eminent authority upon matters of this kind—Mr. George Westing-
house ; and, as far as I could gather, he did not appear to contemplate
the possibility of the adoption of electricity for driving trains upon
main lines. He thought that very shortly suburban traffic would be
almost entirely done electrically, but he did not seem even to have
contemplated the use of electricity for driving trains on main lines,
such as is -dealt with in this paper by Mr. Langdon. Only about
a year ago I had occasion to look into this question in connection with
a contemplated railway, and made some estimates as to what the scheme
would cost. Curiously enough the line was to be exactly the same
length as that portion of the Midland Railway which Mr. Langdon has
taken as his basis in the paper before us—it was just over fifty miles.
After a careful computation, I came to the conclusion that the total cost
of the equipment would be little more than Mr. Langdon has stated—
namely, just over ^523,000; but there the resemblance, I am sorry to
say, ceases. I must confess that I cannot understand Mr. Langdon's
figures in regard to the subject to which Professor Forbes has already
drawn attention. I cannot understand how he is to make the necessary
arrangement for cables and contact-rail for ^140,000, and I think it
would be very interesting if Mr. Langdon would give us further
details as to what is included in those two items. In my case, the
power was much less, as there were fewer trains running at onetime;
and although my total came to very much the same as Mr. Langdon's,
a much smaller proportion was represented by generating plant, and a
very much larger proportion by plant for distribution, by which I mean
cables and " trolley wires."

There is one way in which, I think, some economy might be derived
of which Mr. Langdon has not taken advantage. Mr. Hammond
mentioned a railway where they are going to employ 3,000 volts upon
the motors, and I do not know anything, except perhaps the rules of
the Board of Trade, to prevent the use of a considerably higher voltage
than 600 upon the motors; and if, in addition to using higher voltages
on the motors, we can also successfully use three-phase motors and save
the rotary transformers, there will not only be a considerable saving in
capital, but there will also be an increase in efficiency, and, more
important still, tlrere will be no necessity for any assistants at the sub-
stations. Rotary transformers necessitate the employment of assistants,
but static transformers can be shut up and left to themselves, and that
will make a considerable difference in the cost of running the concern.
The evening this paper was read, I happened to meet Mr. Charles
Brown, and thinking it a favourable opportunity to ask him about the
Burgdorf-Thun Railway, I inquired whether, if he had to equip



170 LANGDON : STEAM V. ELECTRIC LOCOMOTIVE. [Dec. 6th,

^ : electrically a main line in this country, he would use the same system;
and he replied that, unless there were any very exceptional circum-
stances which did not occur to him at the moment, he should certainly
use three-phase motors, and not continuous-current motors and rotary
transformers.

The question raised by Mr. Robinson as to whether there is economy
in large stations is a very important one. Some of us spent many
weeks last year in trying to persuade a Committee of the House of
Commons—and we did persuade them—that there ^was economy in
large stations. If there is no such economy, I can see no advantage
in Electrical Power schemes. Some people seem to think that the whole
matter is merely a question of how many pounds of coal are required
to produce a horse-power in an engine; but the coal expenditure is
but one item out of many. There is the question of capital cost. Does
Mr. Robinson suggest that a station for 10,000 kilowatts costs ten times
as much as one for 1,000 kilowatts ? [Mr. MARK ROBINSON : It costs
twice as much as one for 5,000 kilowatts.] I cannot concede even
that. In dealing with 10,000 kilowatts you can afford to do all manner
of things that you cannot with 1,000, and which you cannot do so well
with 5,000 kilowatts. At the end of three weeks the condition of the
mind of the Committee to which I have referred was that at about
10,000 kilowatts the rate of increase in economy began to slack off. But
that is not my opinion. I should not be inclined to put it below 50,000
or 100,000 ; indeed I am not sure you can put it anywhere. The
bigger the plant is, the easier it is to arrange all manner of different
economising devices, such as superheating, coal-conveying apparatus
and the like.

I would also like to ask how, with stations all along the line (as Mr.
Hoy suggests, with stations about every mile), a constant load is to be
obtained. Each station will be working for about five minutes, and
then it will have to shut down. A constant load can only be ensured
by having one station to work a great length of line, and it is only by
securing a constant load that proper economy can be obtained.

Mr. Walton. Mr. A. H. WALTON : I cannot agree with my friend Mr. Hammond,
who has previously spoken, that everything is just as it should be in this
paper. Mr. Langdon has certainly put it before us in a very broad
manner, but I think he has got wrong over his tractive effort. His
figures for mechanical horse-power are, as Mr. Hudlestone said, far too
low. I will give you an instance. Take his express train having a H.P.
of 477. That works out as low as 26 watt-hours per train-mile. I do not
think it has ever been done yet at that figure. The best we know of up
to the present time is a little under 40 watt-hours per train-mile. Moles-

V3

worth's formula, defining the resistance as lbs. per ton = \- 8, level,

gives a tractive effort for that express train of 22'6 pounds per ton, which
is somewhere near Mr. Hudlestone's figure. Mr. Hudlestone mentioned
the figure of 827 against Mr. Langdon's 477. If we go still further, and
work out the watt-hours per train mile, Mr. Langdon's come out at 26,
whereas Molesworth's come out at 44*8, which, I think, is near the mark.
I think you will agree with me that Mr. Langdon has altogether under-



1900.] DISCUSSION. 171

estimated the power required for the tractive effort. It is true his Mr- Walton-
comparisons are with actual data at his disposal in Mr. Johnson's paper,
that is to say a mechanical H.P. costs so much a train-mile with a given
weight, but he has had to estimate the electrical side of the question,
and his estimate is altogether too low; indeed, I think with Mr.
Hudlestone, it ought to be wiped off the sheet. With regard to Mr.
Langdon's statement on the question of coal, he has put down 3 pounds
per kilowatt-hour; but I agree with Mr. Huddleston that from 4*5
pounds to 5 pounds would be considered fairly good in practical work-
ing. I think we shall be very well satisfied if we get it in the many
projects that are before us and, at the same time, reduce some of the
stations that are already running to that figure. I do not think 3
pounds per killowatt-hour has ever been accomplished. Mr. Cunning-
ham told us that on the Central London Railway the watt-hours per
train-mile were 70, irrespective of the lifts and lighting. Ever since we
completed that line under Mr. Hudleston's supervision we have been
watching it very carefully, and we find that the watt-hours per train-
mile are 64^9 actually generated for everything, and we find an average
at the third rail during the last two months of 50 watt-hours without the
lighting of the train. That average has been checked by one-second
readings during three or four runs with the motor from the Bank to
Shepherd's Bush and back, and the figures actually came out at 49*5
after checking instruments, so that I do not think we are far wrong.'
Mr. Cunningham also told us that the coal was 0*5 lb. per ton-mile.
Mr. Hudleston, I think, has already said something in reference to
this. In watching this point we found that the actual coal per
kilowatt-hour was 0-44 pounds, which works out at 6'6 pounds per
kilo watt-hour. That, of course, is high. Here I would venture to
suggest that we seem to be talking in the dark on this question of
coal. We heard Mr. Hudleston speak of what can be accomplished
with Welsh coal, and he said that we could not get down to a particular
point if cheaper coal were burnt; but in this instance it is entirely due
to the very cheap fuel which is being used. I venture to suggest that
if we could standardise this question and speak of the cost of the coal,
and not of the weight of the coal, it would be much better. We are all
burning different kinds of coal, and no one gives the calorific value.
One is burning Welsh coal, and another is burning practically dirt.

There is just one other question I should like to touch on. On page
135 the author suggests i\ per cent, leakage on his line, which I consider
is very excessive. Taking the five sections given at Figure 2, that
amounts to 35 amperes per section, or on the total line 170amperes, and
taking the resultant of the E.M.F. over the current which is passing
through, we get the most extraordinarily low insulation result of 3̂ 5
ohms. I ask, Is any line going to work on that ? I am afraid Mr.
Langdon has rather overdone it in the case of leakage ; and that he has
been too liberal on the electrical side.

Mr. A. J. LAWSON : We have all to thank Mr. Langdon for his paper. Mr.Lawsou.
While I agree to some extent with Mr. Hudlestone and others that the
author has taken too low a figure for coal consumption, I think he has,
on the other hand, done some injustice to his own cause by assuming

VOL. xxx. . ' 12
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Mr. Lawson. much too low an efficiency in his motors and in his method of trans-
mission throughout. For instance, he has taken the motors with 85 per
cent, efficiency; the ohmic loss in transmission at 10 per cent.; leakage
2+ per cent.; loss in rotary converters 10 per cent.; in static trans-
formers 7 per cent.,.and in high-tension transmission 10 per cent. I
think he might very well have assumed that he could get nearly
90 per cent, in motors; a line loss of 5 per cent., even assuming
that he has his insulation resistance as low as Mr. Walton put it.
He could get 97 per cent, efficiency in his static transformers instead
°f 93 > 93 Per cent, in his high-tension transmission instead of 90; and
71*35 per cent, over-all efficiency instead of the 58 per cent, he
assumes. If, however, he adopted a three-phase transmission, elimi-
nating altogether his rotary converters, and taking his own efficiencies,
he could still obtain 62 per cent, instead of 58; this gain may not be
very great, but it is an addition of 4^ per cent. In taking the efficien-
cies I have assumed, he could get 75 per cent, over-all, which will
go very far towards reducing the coal bills that I am rather surprised
the apostles of electric traction in this assembly are so very desirous
of putting up. I cannot understand their object. Is it that they are
not ready to meet the case of electrical equipment of main lines of
railway ? It has been done on the Continent. As Mr. Swinton has
mentioned, high-tension, three-phase transmission has been iii fairly
successful use on the Burgdorf-Thun Railway, and a higher voltage,
four times as much as on the Burgdorf-Thun line, is going to be put
into use on another line next month, I hope. We shall then gain
some information which will be useful, and although the station is a
water-power station, I think it will dispose to a very large extent of
the suggestion of separate stations at intervals of every five miles.
Not only will they save the attendance which Mr. Langdon has
estimated for at every one of his sub-stations, but with generating

stations, as Mr. Robinson suggested, for every ten miles (which, as
Mr. Swinton has justly pointed out, will mean a station loaded for a
few moments and unloaded for the greater part of the hour) there will
be a coal consumption in excess of the figures which have been men-
tioned by Mr. Walton and others. With a station every ten miles or
so you might just as well retain the present locomotives—indeed, I
think it would be better to do so, because you would otherwise have
the assistants not only on the locomotives but at the sub-stations
increased in number.

Mr. Siemens. Mr. A. SIEMEXS : I would like to draw the attention of the meeting
to the fact that the title of the paper is "The Supersession of the
Steam by the Electric Locomotive," while the discussion has now
entirely branched off into a statement of the fact that where a line
of railway has eleven or twelve trains per hour, it is cheaper to run it
electrically than by steam. That, I think, we all know. As Professor
Forbes has already pointed out, that does not want proving. Mr.
Langdon can afford to give the ^330,000 for his conductors, which
I think is the proper figure, and he can afford to wipe off the coal
saving, which does not exist according to my idea, and still he will
show a saving on such a line. But he proposes in his paper that the
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Midland Railway Company, for instance, should go on converting its
line gradually fifty miles by fifty miles. Is he going to stop his Scotch
expresses at Bedford to change engines when he has completed the
first stage ? What also is he going to do on those portions of the
Midland line where there are very few trains—only two or three per
hour ? I think what Mr. George Westinghouse said a year ago is still
absolutely true, that for suburban traffic, for any traffic which has some-
thing like ten or twelve trains an hour and upwards, it is natural that
electric traction will come and that electric traction is the proper thing ;
but for the long main-line trains, for those parts of the railway system
where there are only a few trains per hour, I do not think there is any
chance yet of introducing an economical system of electric traction.

Major P. CARDEW : I think Mr. Walton and Mr. Hudlestone pos-
sibly have been misled as regards this column in Table IV., Mechanical
Horse-power per Train Hour.

Mr. LANGDON : What I was desirous of expressing was the fact that
that power was required for an hour. The table seeks to reduce every-
thing to an hour's work, and therefore the horse-power is not intended
to express exactly what is the maximum horse-power being used at any
time in kilowatt-hours.

Major CARDEW : I think that one important thing to notice in the
tables given in the paper is the extremely small number of miles over
which each locomotive is run in the week. I find from them that
on the North-Western Railway they only use each locomotive for 314
train-miles per week. Taking into consideration the time of the drivers
and the firemen, the wages table comes out enormously high, and I do
think a considerable economy is possible with electrical traction. Apart
from the possibilities of absolutely reducing the employes on a train
(which, I think, is quite within contemplation, seeing that the work to
be done is reduced to practically nothing), there is much time lost
by the steam locomotive before starting and after returning to the shed
and during the time it is taking in water and coal. I find that in most
railways they allow three-quarters of an hour for the driver and fireman
before starting, and the same time after the engine has returned to the
shed. All these little items mount up.

Mr. Langdon deals with the traffic as it exists. If it were really in
contemplation to equip a line electrically, no doubt it would be possible
to find out how the service could be best suited to the new means of
working, and the tendency would be to run shorter and more frequent
trains. Then, with regard to the terminal stations. With motor-cars
at each end of the train, it would be possible to clear the train out
of the station in very much quicker time than it takes to shunt an
ordinary train with a locomotive. Much could thus be saved. In the
same way the goods traffic could be arranged on much better lines for
electrical working. I find that a great deal of use is now being made
on the Continent of locomotives with accumulators for shunting pur-
poses, and of course they fulfil a very desirable object. In shunting,
neither power nor speed is required, but only a good horse, as it were,
to drag the trucks about, and an accumulator locomotive does the job
and saves a great deal of expense in the equipment of sidings. I may
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Major Say that I have seen the experimental line at Buda Pesth and closely
•studied it, and am quite satisfied with the working. The working is
admirable, and by the arrangement of the three-phase motors in series,
whereby they tend to halve the speed, a great economy is effected in
the starting. The same thing conies into operation in the s topping;
the other motor is switched in in series, and the immediate effect is the
return of power to the line. In that way the three-phase working cer-
tainly has an enormous advantage over the ordinary continuous-current
system.

deSc undo ^I r" KL)> C" U E SEGUXDO : The author has attacked a subject which,
• in my judgment , is destined in the near future to be one of national im-

portance, and I trust that he will accept my assurance that any remarks
I may have to make on his figures are made with due deference to the
opinions of one so much my senior in age and experience. First with
regard to the important subject of coal consumption, Mr. Langdon has
put down the figure of 3 pounds per kilowatt-hour. I have looked up
some figures, and find that the consumption of coal per kilowatt-hour at
the Central Station of the Dublin Railways works out to 2 1 pounds on
the basis of the boilers evaporating 8 pounds per pound of coal. At the
Dortmund Electricity Works it is 2'8 pounds per kilowatt gene ra ted ;
on the Berlin tramways it is 2-3 when using saturated steam, and with
superheated steam 2*1. It must be remembered that these are test
figures. I have worked out the average consumption of coal per kilo-
watt-hour distributed on seven of the more important central stations
on the Continent, including Berlin, and I find that it works out at 4/5
pounds. This seems to point to the fact of Mr. Langdon's allowance of
3 pounds being somewhat narrow ; but on the other hand one has yet
to be quite sure what the load-factor will be in the circumstances in
which Mr. Langdon's figures are conceived—the application of electric
traction to a railway.

So far, the application of electric traction has been made under
conditions which, so to speak, have been in favour of electricity—that
is to say, the railway has been built for an electric railway, and there
is not a sufficiently extended record of the performance of electric
locomotives doing railway work under the conditions which obtain in
any ordinary main line, so that we can only hazard a guess as to the
nature of the load-factor which will obtain in those circumstances.
Mr. Langdon has not suggested how freight-traffic is to be dealt with,
and through-traffic is also an important point. Both of these contribute
very largely to revenue : in fact, the revenue from freight-traffic may
be i \ t imes or 3 times that which is obtained from passenger-traffic,
and the through-traffic may be from 45. to 50 per cent, of the whole
traffic of the line. While the tendency is more and more towards
short, frequent, and consequently light trains for passenger-traffic,
which is admirably suited to electric traction conditions, the tendency
is to increase the length, and consequently the weight, of freight-trains
and to run them at longer intervals. Of course from a steam railway
point of view the economic aspect of this is apparent on the face of it.
But, with electric traction, it is obvious that the frequent starting of
these heavy freight-trains would be a factor operating disadvantage-
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ously to the economy of the steam engine at the generating station.
On the other hand, there is one point in • favour of electricity
I do not think anybody has referred to yet, and it is a very important
one. We all know that only about half of the total weight of the loco-
motive and tender is available for tractive purposes; in the electric
locomotive it is possible to apply the whole weight on the driving axles.
Therefore the conclusion will be obvious that for a given tractive effort
an electric locomotive need only be half the weight of a steam loco-
motive ; and I need hardly point out the reduction in the wear and
tear of the permanent way, and the consequent saving of expense of
the cost of maintenance, that would result from that alone. The total
absence in electric traction of "pounding," which it is impossible to
avoid in the steam-locomotive, due to unbalanced piston-effort, would
operate largely towards a reduction in the cost of maintenance of the
permanent way. With regard to this complex question of large or small
stations, I merely throw out the suggestion that should such an event be
contemplated as the supersession of all steam locomotives on a line like
the Midland by electric locomotives, it might be possible for the elec-
tric generating stations in some of the big cities and towns through
which the railway passes to contribute in some measure to the current
necessary for traffic purposes. This does not remove the objections I
have raised before; but it is a possible means of reducing the capital
expenditure of a railway company which contemplates such a step by
making use of existing sources of supply.

With reference to the financial aspect of the question ; during
recent visits to the United States I have on every occasion been
struck by the fact that our American cousins seem to have antici-
pated the fact that the future is pregnant with big events, and they
have made preparations to cope with any demand that may arise.
We in England have not kept pace with the times, and if we are to
recover our position—I use the word advisedly—we should tear from
our eyes the veil of pride and prejudice which prevents us realising our
own deficiencies, and consent to learn from our neighbours, notably the
United States, so that we can regain the trade we have lost, and re-
establish our position of commercial supremacy amongst the nations of
the world.

Mr. FRANK SPRAGUE : I have not had the time to criticise this paper, Mr. Sprague.
and I prefer not to do so. In considering any electric railway proposi-
tion, the practical question always stares me in the face : How is one to
accomplish a result, and is it worth the while ? Being possibly some-

. what of an enthusiast on matters of electric traction, having given a
number of years to the subject, there is no attempted solution of
problems of this character, whether concerning suburban or main-line
service, that does not command my interest, and I always welcome the
various proposals made.

I think the statement can be very safely made that electric railways
will not be conducted on steam lines. The question is not the super-
session of the steam-locomotive by the electric. The electric locomotive,
rated as the steam-locomotive is rated, hardly exists. If a dynamo is
considered, we wish to know the continuous output of which it is
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Mr. Sprague. capable, and you gentlemen who are consulting engineers prescribe
very rigid conditions of test. It must run for so many hours, at a
certain speed, and a certain output; it shall have a certain capacity of
excess, and so on. In short, the machine must be of permanent
character, built for years of continuous service. With a stationary motor,
similar requirements exist. It must be a machine which, hour after
hour, shall be able to deliver a certain horse-power. On the contrary,
whether it be because of a misconception of what electric railways
demand, or because actuated by a somewhat unnecessary commercial
instinct, the manufacturers of electric railway-motors have adopted a
unique method of rating. For example, we hear of motors of 50,75, and
150 H.P., the latter being probably amongst the largest of the units
which are regularly built for railway service. These ratings mean little
except that, for example, a 100 H.P. motor, railway-standard, can for an
hour do 100 H.P. of work, and can stand a 50 per cent, excess of load
for another ten minutes, but that is not, properly speaking, the rating of
a railway-motor, as has been shown in a very interesting manner by
Mr. John Lundie, who has made a special study of the kinetics and
requirements of heavy electric traction.

Common sense teaches us that if the electric motor is put against the
steam-locomotive, it must be a machine capable of equal continued
service, and it should be rated in a general way the same as any other
electric machine, on its average, as well as its special, capacity. If a
small railway-motor is rated in a certain way by the hour-basis, a larger
one tested under the same conditions has a fictitious and excess rating
compared with the smaller one. Speaking generally, any steam or
electric railway-motor should have as a measure of its rating what it can
do hour after hour on active service.

Looking at Table IV., there seems to me to be a rather curious series
of figures, and I quite agree with Mr. Hudleston that they are under-
estimated in the matter of actual H.P. required. The method of deter-
mining train-miles per hour by multiplying the trains passing a given
point by the running speed is erroneous.

What is an electric locomotive ? It is simply an assemblage in
which is localised a multiplicity of motors, generally four motors on
four drivers, the motors being built to fit spaces which, because of the
conditions under which the motor has to be operated, are restricted by
wheel dimensions, wheel base, track gauge, distance between wheel
seats, transom and axle, and there is a very definite limitation to the
size of a motor so determined. To illustrate this fact, take, for example,
one of the largest types of motors now built, rate'd at 160 H.P. For
continuous service, and with an excess of temperature of say 750 C.
above the surrounding atmosphere, it can stand about 35 kilowatts of
continuous average input, or develop an average of, say, 46 H.P.
available for effective traction.

I think that it is safe to say that the electric locomotive will not
generally take the place of the steam-locomotive. If a steam-railway
adopts electric traction, it must radically change its service, it must
adopt smaller train-units, complete within themselves, operated inde-
pendently, or in combinations making up longer trains. Then one.
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must do what is done with a hand-controlled locomotive, use a multi- Mr.Spraguc.
plicity of motors, but a greater number, distributed on the different cars
or motor-car units. As soon, however, as this condition is determined,
direct hand-control must be wholly or partly abandoned for general
work, and the motor equipments put under a secondary control. We
have to face the very practical fact that we cannot, without unnecessary
restriction, compress upon a single unit the power that is necessary to
do the service that is done by a steam-locomotive to-day. I of course
do not agree with the last speaker that an electric motor can be built of
half the weight of the steam-locomotive, that is if it is to do equal
service ; but it is perfectly possible—and it is being done every day—to
consolidate any number of units equipped with any required amount of
power, under a common control.

It is not sufficient reason for adopting.electric traction to say that
you can save some coal, for in many instances, especially with long
trains, I question whether you can save a dollar's worth. The question
of coal is a secondary one. What is all-important is capacity for
increased speed, and the making of train-lengths and train-intervals
subject to the will of the train-manager—in short, the ability to get and
to accommodate traffic and service. I repeat that the electric locomo-
tive on a trunk-line service has not a promising future. That service
itself must be changed with change of motive power. The question
reduces itself simply to the number of units which are in operation
between two points. If the units are few in number, electric appli-
cation is not generally to be considered. As the number increases
sufficiently, then there will be a field for electric application, and then
only.

Professor C. A. CARUS-WILSON : There are, in my opinion, three Prof. Cams-
reasons why the supersession of steam by electricity on the railways of
this country will take place first, not on the main lines, but on the
branch lines.

In the first place, the branch lines, or, to be more specific, the cross-
country lines, as distinguished from the main lines, are the least profit-
able part of any great railway system. And since it is the wisdom of
economic railway management to ascertain what is the least profitable
part of the system, and make it, if possible, more profitable, it will
always be to the interest of the great railway companies to endeavour
to make the branch lines pa}' better, in comparison with the main lines,
than they do now.

A few figures will show that the branch lines are, as a rule, far less
profitable than the main lines. Taking the Board of Trade Returns for
1899, we find that for the Midland Railway the average profit per
passenger train-mile is about tenpence. Taking the average number
of trains per day, each way, on branch lines, as six, the profits from the
passenger service per mile per day is five shillings. On a main line, on
the other hand, the number of passenger trains each day might be taken
at thirty each way, making the profit per mile each way twenty-five
shillings, five times that of the branch lines. No doubt this is a rough
estimate, but it is probably not far from the truth. Hence in consider-
ing the possible economy to be effected by the introduction of elec-
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tricity, it will be more to the interest of the companies to endeavour to
make their branch lines more profitable, than to make changes on
their main lines, which are at present relatively very remunerative.

The second reason I would give for cross-country lines being dealt
with first is that the cross-country lines are mainly responsible for the
unpunctuality which is such a feature of our railways. I cannot attempt
to establish this statement fully here to-night, but may put it briefly
thus. The limited traffic on the cross-country lines does not admit the
provision of a staff adequate to deal with the traffic. If the traffic were
spread out over the whole working day the staff would be sufficient,
but it comes all with a rush at infrequent intervals, the result being
delay and unpunctuality, especially during the holiday seasons.

The infrequent service and the unpunctuality on branch lines has
made cross-country travelling most unpopular, with the result that
these lines are now being menaced by the tramway systems which are
being projected in all parts of the country. This is a third and most
powerful reason why railway managers will be obliged to consider
seriously the possibilities of electricity on branch lines.

The remedy for the unpunctuality and the unpopularity of the
branch lines is to be found in a more frequent service. To make
proper connections with the main-line trains the service on the branch
lines should be increased from an average of six trains each way per
day to at least twenty-four—that is, a half-hour service instead of a
train every two hours. The question is, can this be done by electricity
at a profit ?

To answer this question, we must know how much each mile of line
contributes as profit, from its passenger service, to the general revenues
of the railway, and also how much each mile must earn in order to pay
its share of the fixed charges, such as maintenance of permanent way,
etc. We shall probably not be far wrong in taking five shillings per
day-mile as profit, and eleven shillings per day-mile as the contribution
towards the fixed charges on a branch Jine with six trains each way per
day. If, now, the running cost per passenger train-mile, that is, the
locomotive charges and the guard's wages, be put at elevenpence, a
traffic equal to 264 third-class passengers will be required per day-mile
each way. We may, then, take this to be the traffic on a branch line as
at present run by steam.

For a service of twenty-four trains per day the fixed charges and
the profit per day-mile will remain the same, if the branch is to yield
no more and no less profit than before, but the running charges will
increase in proportion to the number of trains, and for twenty-four
trains will require an income of 24 x 11, or 264 pence per day-mile,
which, added to the fixed charge, makes 462 as the required number of
third-class passengers per day-mile—that is, an increase of 75 per cent,
in the traffic as compared with that required for six trains per day.
The traffic must exceed this if the altered conditions of working are to
yield an increased profit per mile.

Now the whole difference introduced by electrically driven trains
is that the running charges are less. If motor-cars with substantial
trailers are used, as on the Burgdorf-Thun line, weighing, say 50 tons,
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with only a conductor and motor-man, the running charges should not
exceed sixpence per train-mile. Taking this figure, we find that the
number of third-class passengers required to yield the same profit and
fixed-charge income per day-mile as before is 342, or an increase of 30
per cent, over the existing six-train service. Now a service of twenty-four
trains each way per day might safety be relied upon to induce an increase
of traffic of 30 per cent, over that of a six-train service. Anything beyond
this will increase the profit per mile; thus an increase of 52 per cent,
in the traffic would double the profit on the line, and an increase of 75
per cent., which with steam-driven trains would not augment the profit
at all, would result in a trebling of the profits.

The right course, then, seems to be to begin on the branch lines
first, to break up the system of infrequent and heavy trains hauled by
steam locomotives, and substitute lighter trains running at least four
times as frequently, driven by electric motor-cars. The increased
traffic would be handled with far greater ease than the existing traffic,

Prof. Carus-
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because it would be more distributed over the whole day. The service
would be punctual and popular, and with these advantages there is
little reason to doubt that it would be profitable.

Mr. A. P. TROTTER {communicated) : Mr. Langdon has treated the
problem on broad lines, and has not obscured it by detailed considera-
tion of special points. It is quite sufficient for his purpose to assume'
five sub-stations, without proving that this number is better than four
or six. Since he does not give data from which such proof might be
established, and since I have no such data at hand, I do not propose
to criticise his assumption, but to make some general observations on
this point.

If the number of sub-stations on a fifty-mile line be increased, the
first cost and sub-station labour cost will be increased, the load-factor
of each will be smaller, and the ohmic loss in high-pressure feeders is
increased, but the much more important loss in the working conductor
is reduced, and this conductor might be reduced in size and cost; and
the pressure is more uniform. If the number of sub-stations be reduced,
the first cost and sub-station labour cost is reduced, the load-factor will

Mr. Trotter.
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Mr. Trotter. b e gr e a ter, while the ohmic loss is increased up to the limit when no
sub-stations are used. The working conductor would have to be
increased to avoid excessive fall of pressure, but this "case can hardly
be said to have even that indifferent kind of interest known as academic.
All of the factors have a monetary value, except the variation of pressure
to which no such value can be easily assigned. That uniformity of
pressure is important in some cases is proved by the large number of
sub-stations on the Burgdorf-Thun line, but these are inexpensive and
require no labour.

Given the necessary data, the conditions for minimum total cost
(capital and working) may be calculated. Differential calculus will
show the exact number, which is of little interest and no use. Plotting
a few examples on a curve (Fig. A) will show whether the curve has a
sharp or a flat bottom. It will probably be found that the bottom is flat
enough to allow several external considerations, such as choice of site
and neighbouring gradients, to influence the decision on the number of
sub-stations.

It is probable that the number of sub-stations indicated by the mere
question of cost will yield a sufficiently uniform working pressure. In
tramway work the uniformity of pressure generally takes care of itself,
and is the outcome of other conditions. But such conditions, may per-
haps show that a uniform working pressure is difficult to attain in rail-
way work. It is said that for three-phase motors no large reduction of
working pressure is safe, but for continuous current, considerations of
economy and of speed allow no little latitude. It is obvious that it
does not pay to level a railway through undulating country, gradients
are inevitable, and they control the speed. How far will it pay to level
the working pressure ? If economy demands widely spaced sub-
stations, variation of pressure on the working conductor and conse-
quent variation of speed may be a feature of the railway practice of
the future. There is a good deal of difference between the maximum
safe speed and the economically best speed on a well-built line. It
ma}' be an economy to space sub-stations more widely on level
country, and, with suitably designed motors, to allow much larger
variations of working pressure than are to be found in modern tramway
practice.

Mr.Tyler. Mr. E. H. TYLER (communicated): I beg to share Mr. Hudleston's
opinion that the electrification of main railway lines is not at present a
promising field of electrical development. In any case the suburban
and cross-country lines have an overwhelming claim to be treated first.
But there are objections to such a sweeping change as the electrical
equipment of our main lines which, I believe, have not yet been men-
tioned. In most European countries the railways, if not actually
Government property, are under their close control, it being recognised
that railways are part of the national scheme of defence.

It will not, I suppose, be pretended that an electrically equipped
line is not more liable to be disabled than a steam line. The charac-
teristic of the breakdown of a system supplied from a central source of
energy is general paralysis as distinct from local injury.

There are many main lines in England that are subject to floods,
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and it is obvious that it would be easier to throw an electric railway out Mr. Tyler,
of gear than a steam line.

These serious considerations, as well as there being no really press-
ing necessity for the change, lead me to believe that the electrical
equipment of our main lines is not yet within sight. The frequent
reference to the Burgdorf-Thun railway as an example of main-line
electrical traction is misleading. It is a full-gauge passenger aiid goods
line, but in no sense is it a main line such as the Midland or Great
Western.

Major Cardew's account of the three-phase line at Buda-Pesth was
most interesting, especially his reference to the placing of the motors
in series at starting and during retardation. It is not easy to see how
this arrangement can return current to the line, inasmuch as the energy
returned must be of the same periodicity as the line. But in any case
the return of energy can only be carried down to half speed, whereas
with continuous currents the regeneration can be continued until the
train has nearly come to a stop.

As regards Mr. Sprague's remarks on locomotives, it is, as he points
out, almost entirely overlooked that the power that can be exerted on
the axles of a locomotive is strictly limited by the dimensions of the
gauge and the permissible length of the wheel base. The claim of Mr.
Sprague's multiple unit system is that a train composed of traction
units shall have the same tractive characteristics as a single unit.
Applying this test to railway trains, I would ask Mr. Sprague what he
considers a railway unit to be. Obviously not one coach. If we take
one half of an ordinary train to be a railway unit, and provide a loco-
motive of suitable weight and power to draw that unit, it follows that a
full train of two units can be drawn by two locomotives coupled and
controlled as one, with the same characteristics of speed and torque as
the single-unit train. That appears to me to be the true solution of the
principle of multiple unit control, rather than the multiplication of
motor coaches. It cannot be forgotten that the adoption of motor,
coaches entails a wholesale scrapping of rolling stock which no com-
pany will care to face. Moreover, for many years the service on
electrical lines must necessarily be a mixed one, or at all events through
traffic will have to be provided for. The electrical locomotive, although
not an ideal application, seems therefore to be a necessity.

Mr. H. A. HUMPHREY (communicated): It is admitted that the £Jr-
supersession of the steam by the electric locomotive is primarily one of l P 'rey-

costs. Table V. giving the cost of generation and distribution of
current, is therefore of vital importance, and should have received
special care; yet I regret to find it is the most disappointing part of
the paper.

The first inspection of the table would lead one to say that the cost
of generating a kilowatt-hour had been taken at O'i574d. This, how-
ever, is not so, for the cost of oil, waste, and sundries is placed at the
bottom of the page, and is not included in the total along with coal and
water, although the one is as necessary to the engines as the others.
Then there is no item for repairs and maintenance of the generating
plant included in the table, and in seeking for this important item we
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Hum lire - ^n c* ^ i a * n 0 definite figure i s anywhere given, but it is dealt with along
with the locomotive charges.

As a matter of fact Mr. Langdon's figures for the cost of energy
from a steam-driven central station cannot be considered as consti-
tuting a safe basis for calculation. I have studied tire question in this
country, on the Continent, and in America, and have obtained figures
at first hand from the chief engineers of large American traction
stations. As a result I entirely endorse Mr. Cunningham's statement
that O'25d. per kilowatt-hour is the limit at present practically attain-
able in a steam-driven plant. In the case of one of the largest electro-
lytic plants in this country with the best modern engines and boilers
and cheap coal, this figure was not quite reached even with ioo per
cent, load-factor and in a year of cheap coal. The figures for the year
in question were given to me by the engineer, and included no fixed
charges. One of the most reliable statements of costs I know of is that
given by Mr. R. W . Conant in his paper on " Cost of Electr ic Power
for Street Railways," read before the " America Street Railway Associa-
tion " in September, 1898. Mr. Conant examines and tabulates the
costs from forty-four of the large traction stations in America, and he
found the lowest operating cost per kilowatt-hour at the switchboard
was C52 cents. (o-26d.). Mr. Conant describes a " standard station,"
and gives a standard set of figures as being the best practical. These
figures come out at 0-58 cents, for operating cost and 0^405 cents, for
fixed charges, making a total of 0*985 cents, ( o ^ d . ) . The load-factor
is taken at 3 3 ! per cent., and the following statement is made :—" As
this station is described its performance may seem to border on the
ideal, and there is no question but that its performance is consequent
on favourable circumstances, very nearly, we may say, test conditions."

To reach figures much below these a radical change is necessary,
and as one a t tempt at the solution of the problem I would direct
attention to the use of large gas-engines and Mond gas-producers. The
Mond plant employs cheap bituminous slack, and recovers the ammonia
in such large quantities as to allow a profit of 4s. 6d. per ton of slack,
after paying all expenses in the working of the plant. As this subject
is fully dealt with in my papers before the Institution of Civil Engineers
(1897) and the Institution of Mechanical Engineers (Dec. 14, igoo) I
need say no more about it, but desire, in concluding these remarks, to
add my thanks to Mr. Langdon for his most interesting paper and the
mass of information it contains.

Mr. Kenny. Mr. T. R. D. KKNNY {communicated) : I t has been suggested by two
or three speakers that Mr. Langdon has under-estimated the amount of
power required to work his trains by taking as his tractive effort per
ton the low figures given by the formula at the foot of Table IV.

I am a little surprised, however, to find that none of those who have
had an opportunit} ' of speaking have drawn attention to the fact that
Mr. Langdon has provided power for only about two-thirds of the
trains, which, according to his figures, must be on the section of line at
one t ime.

His whole estimate is based on the assumption that there are only
fourteen trains between London and Bedford requiring power at the
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same instant; but taking the figures given in columns 4 and 5 of Mr. Kenny.
Table IV., it will be seen that there must be about twenty-one trains
running at once. The fourteen trains distributed on a fifty-mile
section of line could not pass a given station in one hour unless the
average speed of the trains were fifty miles per hour. The express
trains have this speed, and it is correct to assume that there are only
three of these trains on the fifty-mile section when three pass per hour-
But take the case of the goods trains with a speed of twenty-five miles
per hour. Each train takes two hours to traverse the section, and as
five trains pass a given point per hour there must clearly be ten trains
on the section at a time.

Taking the other figures in columns 4 and 5 of Table IV. in the same
way, we have at any time on the fifty-mile section—

3 Express passenger trains requiring 1,068 kilowatts.
3-12 Ordinary „ „ „ 425 „
572 Express goods „ „ 1,257 „

10 Ordinary „ ,, „ 1,370 „
giving a total of 2i"8 trains, which are taking 4,120 kilowatts at the
axles, and—taking Mr. Langdon's over-all efficiency—requiring about
7,000 kilowatts output at the generating station as against 5,000 kilo-
watts allowed for in the paper.

It has been pointed out in the paper that the conclusions arrived at
will not be affected by any small variations in the service, since they are
based on " cost per train-mile." At first sight, then, it would seem that
the 40 per cent, larger generating station entailed would only affect the
magnitude of the undertaking, and be of little consequence. As a
matter of fact, however, since the slowly moving trains form a larger
percentage of the total on the section than in the original case, a
reduction of about 9 per cent, in the figure for " K.W. per train," and of
3 per cent, in "K.W. hours per train-mile" is effected. There should

• also be a slight saving in the cost per kilowatt-hour due to the increased
size of generating station.

These considerations will better to some extent the figure given—
7"O2id. per train-mile—for the electrical case in Mr. Langdon's interest-,
ing paper.

Mr. A. H. SEABROOK {communicated): Mr. Langdon, in his highly Mr.
important and interesting paper, has shown the many economical Seabrook-
advantages that will accompany the employment of electricity upon
railways, but it has probably occurred to a good many members that
the advantage which will appeal most strongly to the travelling public
is that of increased safety.

I refer to the possibility of cutting off current on any section of the
line when the signal is against the train. The switches coupling up the
distributing cable to the contact rail can be operated by the wire
rope that works the signal.

A voltmeter, or some rough form of pressure indicator, connected
across the contact and return rails, fixed immediately over each lever
in the signal-box, would inform the attendant whether the switches
were acting properly or not; the latter an unlikely occurrence, but
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scabrook.. st'11 t o be g u a r d e d against. An indicator connected to the nearest
sections of line controlled by the two neighbouring boxes would auto-
matically inform the attendant whether his neighbours' sections were
clear, whether current was in them, and if so, whether a train was pass-
ing, shown by the drop on the indicator. Practice only could determine
whether the pressure should be kept off the contact rail except when
a train is due ; if it were not found advisable, provision could be made
for the lever to work the signal alone, or both signal and switch; but there,
is no doubt that a great amount of leakage, especially in time of rain
and snow, could be avoided. Absolutely to deprive the locomotive of
its source of power when the signal is against it seems to me about the
most effectual " block" system that could be put into use.

Mr. vadey. Mr. F. H. VARLEY (communicated): In the first place, I feel we are
all much indebted to Mr. Langdon for his very valuable contribution.
It seems to me that the question is purely a commercial one : Will it be
more profitable to use the electric locomotive, and will the railway
companies be justified in replacing their steam locomotives by the
new mode of traction? To my mind, everything points in that
direction.

Mr. Langdon deduces a saving of 1*922 pence per train-mile—say
21 "4 per cent. Now we are informed by some of the speakers in this
discussion—It is impossible to improve upon the economies now
obtained in the steam locomotive, and it is quite impossible for elec-
tricity to compete with the present system. I share with most people
in .their admiration of the wonderful amount of applied science and
mechanical skill which has improved the pioneer engine designed by
Stephenson. The highest engineering mathematician's acumen, along
with the mechanical engineer's constructiveness, have been brought to
bear and are continually being requisitioned, and we naturally look
upon the steam locomotive as a perfect piece of engineering construc-
tion and design. We are asked to compare this perfect machine with
the pioneer electric locomotives, and it is not surprising that the very
perfect steam locomotive, the best results of applied technical know-
ledge and manipulative skill, should not have it all its own way when
contesting with the pioneer electric locomotive. The pioneer electric
locomotive has come to stay, and will doubtless advance in development
in the same way, as experience is gained by practical work. Electric
railways, to compete with steam locomotive lines, will have to be
worked from a different standpoint—more frequent trains and a reduc- •
tion in the number of carriages per train ; because long trains going
long distances at long intervals carry very few passengers per train-
mile. Hence arises the great waste of power in drawing heavy rolling
stock, weighing say 300 to 400 tons per train, out of which not 25 per
cent, is the weight of the revenue-earning passengers. In long-distance
trains how often is it that they do not carry a full load, or anything like
a full load. It is no unusual thing for a train to leave the terminus
with 25-50 or even 65 per cent, of its passenger accommodation
unoccupied. Now electric traction favours short trains despatched at
more frequent intervals, with proportionate decrease of the dead weight
of the rolling stock, and a larger percentage of passengers per train,
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therefore a larger profit, while securing a greater amount of patronage Mr- Varley-
by the greater facilities offered for travelling.

A locomotive is undoubtedly a most magnificent monument of
human skill, but I defy it to make a profit by drawing hundreds of
tons of rolling-stock without any passengers or goods; and yet this is
practically done in a greater or less degree by all railways. Take, as
one example, early workmen's suburban trains to town, crammed to
overcrowding. The total weight of passengers would not exceed 47 to
50 tons; the rest of the load is that of the rolling-stock. The same
train returns practically empty, still the heavy draught of the rolling-"
stock has to be borne by the steam-locomotive. Take the up and down
journey of such train together = but 50 per cent, of its passenger
accommodation.

Mr. Langdon has fully set forth the economy of stationary as against
an itinerant generator. Now electric traction is specially adaptable for
working short trains, which means a greater proportion of revenue-
earning load to that of the unproductive load of dead weight of rolling-
stock, in the dealing of which the electric system must in the long run
prove far more economical.

Mr. A. WooDUOFFis MANTON {communicated): As I have been in- Mr- Manto
terestud in the design of steam-turbine-driven locomotives, which
possess many advantages in common with the modern electric
machines, I have been much pleased to have this valuable paper. I
would like to draw attention to these special and some other mechani-
cal advantages of the electric " engine" (and its power-house).

(1) It is electrically a combination of ,4, 6, or 8 motor-units, the
failure of one or two not causing complete, and delaying, breakdown;
further, these units may be grouped in series or parallel to meet the
resistance and speed conditions. The same alternation can be made with
its feeder, the power-house plant. I presume that, later, a large pro-
portion of the gravitation-energy (now worse than lost) in descending
long or steep gradients will be electrically recoverable in a simple
manner, and returnable to the transformer stations, or for use in a motor
at the time absorbing current.

(2) The power—that is/tractive effort—is not dependent on English
load-gauge, on the maximum heating and grate surfaces, wheel
diameters, or on the cylinder- and valve-chest room between the frames.
The power-house steam cylinders can be efficiently jacketed, while
those of the steam locomotive cannot be so assisted. There is an
absence of reciprocating parts transmitting large efforts, especially of
piston, connecting and eccentric rods, and " side " rods, and a replace-
ment by parts rotating uniformly in constant direction: and the absence
of connecting and eccentric rods and crank-webs allows of ample
bearing surfaces.

(3) All wheels are drivers and retarders, thus the maximum axle
load is much decreased, the total being much lighter for same drawbar-
pull ; there is, and consequently, less rail-wear (with absence of rail-
shock due to want of horizontal and vertical balancing in reciprocating
steam practice), greater wheel - base flexibility for high - powered
machines, and no dependence of adhesion on inefficient " side " rods.
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Mr. Manton. (^ T n e absence of injurious products of combustion will much
increase the life, and decrease maintenance, of tunnel rails and the
tunnels and bridges themselves.

(5) The greatest possible paying load to be moved on the maximum
gradient of a section being independent of loading gauge and rigid
wheel-base, the hour tonnage can be. readily increased without fear of
blocking scheduled traffic, and without resorting to enormous capital
increase in acquiring land and widening ways and works.

(6) The moving parts being few with constant direction, shop repairs,
renewals and maintenance should be much lessened, especially in
labour; all wheel-axle-armature units may be identical and interchange-
able in a short time (by electric-lift pit under rails), the difference
between locomotives for various duty being made as far as possible in
winding and number of axles.

For tunnels, repair-shop roads, and points liable to floods, side
overhead trolley contact might be arranged. Undoubtedly much
cheaper coal can be converted in the power-house (in absence of gas
system even) than with the restricted fire-box locomotive design, and
this coal can be more'cheaply transported in large constant quantities
to the fewer points. I think the author has rather, therefore, under-
estimated the power-house electromotor economies; and the Italian
long-distance installation results will be very interesting (although
tonnages will probably be relatively low).

With reference to cost and coal consumption, in one of last year's
magazines I noted that the total costs per ton-mile, including staff
and repairs, were ci^d., OT71CI., o-igod., on the Brooklyn Elevated,
average American steam practice, and Manhattan Railway respectively
(124, 138, 153 per cent.), against o ' ^ d . (100 per cent.) on our Liverpool
Overhead Railway (electric), which latter is probably hardly now
modern practice. Also it was stated that coal consumption ratio on

train-mile basis was *—e ^c r i c : and that the greatest power-house and
41 steam ' ° r

motor coal consumption per axle per hour was about 79 per cent, of
best steam practice. I should be glad if the author could give more
modern figures on those points, where it may be said that the traffic and
resistance conditions make it comparable.

Mr. Taylor. Mr. A. M. TAYLOR (communicated): Though it may be considered
by some as undesirable, in a paper of this nature, to criticise details,
yet, unless the premises be correct, wrong conclusions may possibly
be formed.

First, as to traction resistance. It may be presumed that, in
measuring tractive resistance, the locomotive engineer will select as
level a piece of the line as possible on which to carry out his tests, so
as to avoid corrections due to grades, etc. His principal object is to
determine the best performance he can get out of his locomotive in the
way of speed, and the coal bill does not concern him to the same extent
as it does the electrical engineer, whose principal object is to prove the
economy of electric traction. We may then, perhaps, safely assume
that losses due to the braking of trains when descending gradients do
not enter into the determination of tractive resistance. This matter is,
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of course, of less importance on railways than it is on tramways, on Mr- Tr»ylor-
which values varying from 0*95 Board of Trade unit per car-mile to
17 B.T.U. have been experienced, due to this cause, with the same
size of cars. Let us see whether it is a negligible quantity on main-
line railways such as we are considering. The average running speed of
Mr. Langdon's trains is about 34 miles per hour, and the tractive resist-
ance for the level may be put at 7 lbs. per ton, taking his own figure.
So long as the down gradient does not exceed 75^ or, say, 16 feet to the
mile, it may be considered as compensating the up gradient; but if
this limit be much exceeded it will be necessary to apply the brakes.
In the route from London to Bedford and back again (100 miles) it is
possible that there may be as much as 10 miles of track, in the aggre-
gate, where the gradient exceeds T^w, giving a total drop of 320 feet,
and 160 feet of this is irrecoverable lost energy. It is true that this
would only amount to some 2*5 watt-hours wasted at the generating
station for every ton-mile hauled ; but if the gradients were much
steeper, or longer, than I have assumed, the case would be very different.
As it is, it adds nearly 10 per cent, to Mr. Langdon's figure of 26 watt
hours per ton-mile for the tractive resistance alone. It would be
interesting to know what are the actual conditions on the line in
question. Mr. Raworth has given us an estimate of the additional
power required for starts and stops (which is, of course, quite indepen-
dent of that wasted on the gradients), so I do not propose to touch on
this loss, which, however, seems to me to be low.

Next, as regards the load-factor. Mr. Lackie has referred to the
effect of the hourly variations of load on this question. But what
I wish to call attention to is that the variations in the output from
minute to minute have also no slight effect on the load-factor. The
number of trains considered is, comparatively, quite small—only 14—
and the fluctuations should be pretty considerable, especially when we
remember that goods trains (with their frequent stoppages and starts)
form a large proportion of the total weight to be hauled. Taking
grades and everything into account, it will be surprising if, for an
average load during 24 hours of 5,000 kilowatts, we do not require
plant in the station of 8,000 kilowatts, while that of the rotary con-
verters and step-down transformers will be nearly 1,000 kilowatts
capacity (excluding spares). Bearing in mind that the efficiency of the
engines and of the electrical plant falls off, after a certain point, more
rapidly than the output diminishes, we can easily understand that, for
an average output of 5,000 kilowatts, the all-day efficiencies cannot be
sensibly higher than assumed by Mr. Langdon. I think one or two of
the speakers seem to have hardly appreciated this point.

Lastly, I wish to say that I quite agree with Mr. Field's reported
remarks as to the incorrect number of trains on the line ; which do
not, however, vitiate those of Mr. Langdon's figures which are based
on train-mileage only.

Mr. REGINALD WOOD (communicated): The Institution is fortunate Mr. Wood,
in having this important matter brought before it from within the rail-
way companies.

The author is to be congratulated on having been content to
VOL. XXX. 13
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Mr. Wood. nlake only a modest claim in favour of electric traction on the great
railways, as no doubt the greater economy will only be achieved when
the service takes advantage of the electric supply to alter its method
somewhat, and to sell current en route.

As I take it the author desires that the discussion should show that
his paper has been critically examined, I will mention what appears to

. me to be an omission in his statement, but as I shall point out a remedy
the objection will disappear. It does not appear to me that the author
claims all the economy he might in shunting.

The omission is that no mention is made of the kinetic energy of
the trains. If every train stops once in a quarter of an hour we have
practically one train starting every minute. This would demand an
extra 1,000 kilowatts working continuously with a corresponding 20 per
cent, increase in the coal bill. There are no data in the paper to enable
one to state definitely whether this extra power should be 500 or 1,500
kilowatts. But there is, of course, no doubt that this is a most important
matter, though it may be of more importance in suburban traffic. Any-
how, the remedy is to brake the train by returning the energy back to
the contact-rails. All that is required is to substitute for the resistance
in the series-parallel control a dynamo carried on the locomotive and
coupled to another dynamo suitably connected. It gives the incidental
advantages of smooth starting and stopping, and the attainment of any
electric pressure desired at any point. That is, the electric pressure
on the locomotive is under the control of the driver. He can get
excess pressure if he wants it. It also gives the advantage of saving
the energy usually lost over the resistance and a great part of that lost
in transmission.

This is a matter rather more than of mere detail. If there is a
serious objection to absorbing the kinetic energy of the train by a
brake on the locomotive in front of the train, a good case can be made
out for redisposing the motive power. The description of this con-
troller is to be found in Patent Specification 23,854 of 1894. The suc-
cessful inaugurator of main-line electric supply will have earned a
nation's gratitude.

M r- . Mr. W. H. MERRIMAN (communicated) : There is one point which
has not been mentioned in the discussion on Mr. Langdon's paper, viz.,
the extra precautions, impossible on a steam railway, which may be taken
to ensure the safety of passengers on an electric railway. A very large
percentage of the accidents which from time to time occur on steam
railways is due to engine-drivers mistaking the signals or running past
them when at " danger." It would be a comparatively simple matter
to arrange switches in conjunction with some of the principal signals,
each of which would cut out a portion of the contact-rail—say four or
five train lengths—beyond the signal whenever it was at " danger."
Any driver then running past a signal set against him would have his
attention at once called to the fact by the slackening in speed of the
train owing to the current being cut off; while, at all events at night
time, the guard would also be warned of the danger by the extinction
of the train-lights—presuming, as is probable, that these would be
supplied with current taken direct from the contact-rail. It would, of
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course, be necessary to provide against the possibility of a switch being Mr

opened before a train had reached the end of that section of the
contact-rail which it controlled, in the event of the signal being raised
immediately after the train had passed ; but this, I think, would offer but
few practical difficulties.

Mr. J. BROWN (communicated) : I observe that engineers have Mr> Brown-
recently been turning their thoughts towards the contriving of some
means to avoid the delay involved in stopping " local " trains at all the
stations, though only a fraction of the passengers wish to enter or
alight at any one station. The plan of which I send a sketch avoids
this inconvenience, provides a through train for every passenger from
any station to any other, and dispels all anxiety or doubt about alighting
at a wrong station or being carried past the right one. As my scheme
could be worked best by electric motors, and as steam locomotives
would be quite inapplicable, it falls not inappropriately within the
scope of the present discussion.

The sketch (Fig. B) is intended to represent an endless railway with
coaches arranged ready for starting the day's work. The coaches are

\[yrwyr^
un n'"o cr o o o cStation A B
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of the corridor type or like American vestibule cars, so as to give a
passage right through the train. Each coach has its own separate
motor, and can thus run independently. A train consisting of, say, four
coaches, starts from station A. As this train approaches station B, the
coach A standing there is started by the driver in charge of it, and
sufficient speed given to it to allow it to be picked up between stations
B and C by the following train. This may seem difficult, but in reality
there should be no more difficulty in picking up a coach in steady motion
than there is every day in running gently up to one at rest. It is merely
a question of relative motion, and with electric motors the speed would
be easily and quickly controlled. If necessary, an appropriately placed
signal-box would eliminate any possible risk at this point. As soon as
coach A has been picked up, the driver of the train goes to its forward
end and there takes control of the train, connection being made to all
the other carriage motors for that purpose ; or the driver of coach A
takes charge of the train, and the former driver goes to the rear coach
ready to slip it.
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Mr. Brown. j n o r c j e r to allow passengers for station B to alight, the train, as it
approaches B, slips its last coach marked B, which is then brought to a
standstill at station B. The same process is repeated at each station.
The result is a through express for every station. The passenger simply
enters a carriage standing at the platform from which he departs. As
soon as it is coupled to the train he looks (at his leisure) for the carriage
marked for his destination, and remains there till the carriage stops,
when he can alight with ease. He may not find his carriage at once,
but certainly a few stations before his destination. Two or more
coaches may be slipped or picked up, of course, if one is not enough.^

Although here shown as applied to endless railway, the scheme is
equally applicable to a railway with termini. It would be eminently
suitable for the various underground electric railways recently proposed
for London. From an engineering point of view several advantages
accrue which may not be at first sight apparent, viz. : A- much shorter
station is required than in the usual method where the whole train has
to be accommodated at every platform, and considerably less power
would be required since only a fraction of the train has to be stopped
and started. The load would also be more constant, in fact it would
scarcely vary at all.

Mr. Twin- Mr. J. D. TWINBERROW (communicated.): Mr. Langdon has not
credited the performance of the steam locomotive with possible im-
provement upon the existing practice of the Midland Railway.

This company appeared to favour the division of the traffic into
numerous trains of low gross weight, worked by locomotives of con-
siderable elegance but having small capacity. Recent practice in
America and on the Continent exhibited a preference for fewer trains
of greater weight worked by engines of great hauling and earning
capacity; thus a standard American engine for mineral traffic was
provided with boiler heating surface about i\ times greater than that of
the Midland engine for a similar purpose, and recent passenger engines
in France had 70 per cent, more boiler power than the express locomo-
tives of the English company.

The small loading gauge increased the difficulty of constructing
powerful engines for working on British railways, but no important
modification was involved by an addition of, say, 85 per cent., which
would suffice for doubling the gross weight behind the tender; he had
examined the saving per net ton-mile which would result from this
modification, and was of opinion that the cost of locomotive power
in working the coal traffic to London would be reduced by not less than
30 per cent. This economy could be realised without great capital
expenditure by devoting the current outlay for renewals to the provision
of machinery of greater earning capacity, relegating the existing stock
of locomotives to shunting and branch-line service, and scrapping the
lighter engines as they came to require heavy repairs.

If English engineers would be guided by what had already been
accomplished elsewhere, in preference to adhering rigidly to their own
precedent, they would be able to effect with certainty an economy
nearly twice as important as that which the author is able to deduce
from a somewhat speculative basis, with the disadvantage of a heavy
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capital outlay and immense inconvenience in effecting the installa-
tion.

The chief sources of economy in the application of electricity to
tractive work appeared to be (a) saving of tare weight; (b) increased
revenue mileage per unit of labour. A saving under the first heading
could only be effected in practice by applying the motors to some of the
carrying axles of the vehicles ; and that under the second heading was
important because the steam locomotive was not an automatic machine,
and required so much attention that its attendants usually earned
revenue during less than one-half of the hours of duty. It was remark-
able that the author's proposal did not provide for any saving under
these headings.

Mr. E. KILBURN SCOTT (communicated): If there were no other Mr. Scott,
result of Mr. Langdon's paper, it would, in the writer's opinion, have
served a useful purpose in showing the difficulties of working railways
by separate electric locomotives and also the objections to a system
such as the Central London when applied to main-line electric railways.
Even if the pressure on the third rail were raised much higher than 500
volts, there would still be objections to converting high pressure three-
phase to continuous current by transformers and rotary converters.

Being a synchronously running piece of apparatus, the overload
capacity of the rotary converter is distinctly limited. It must be made
large enough to take the maximum load under the very worst conditions
without falling out of step, and naturally this load is a much higher
figure than is required under average conditions. Assuming sixteen
trains per day, the rotary is only likely to be giving current for a few
minutes every half-hour or so, the rest of the time being spent in
running round uselessly. On the other hand, the static transformers
required for three-phase working will take extremely large temporary
overloads if there is time to cool down between the periods of over-
loading, consequently comparatively small static transformers may be
employed, and, when running on no load, the constant iron loss is a
very small percentage compared with hysteresis, eddy, commutator,
and friction losses, which are constant with the rotary converter.

Comparing the three-phase Burgdorf-Thun results with those
obtained on the South Side Elevated Railway (continuous current) of
Chicago, worked on the Sprague system, it has been shown by Professor
Carus-Wilson that whilst the continuous-current motors use 87 per cent,
of the energy required by the three-phase motors, the latter get up
speed in 81 per cent, of the time required by continuous current. The
reduction of energy in the continuous-current motor is due to the use of
series-parallel control; but there is this most important feature in favour
of three-phase, that the maximum poiver input required by the motors on
the Burgdorf-Thun line was only about 70 per cent, of that at Chicago.
The importance of this is seen when we consider that a reduction of
the maximum power input reduces materially the size of the secondary
conductors and cables, the output of the transforming apparatus, the
size of the main generators, and through them the engines and boilers.
Above all things, therefore, any system can be pronounced " very good "
which tends to reduce maximum power input.
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Mr. Scott. |f ^ r Ljmgdon can make out so good a case on a system practically
identical with the Central London, then it says much for the future for
electric railway working, because there is no doubt whatever that better
results can be got by adopting three-phase traction throughout. For
example, the 10 per cent, loss in efficiency of rotaries would be swept
away; the cost of the five substations and their equipment, given at
£80,000, would be reduced to at least half; and finally, the greater
proportion of the wages of the five assistant engineers, etc., at the sub-
stations, given at £5,472, or nearly 15 per cent, of the total estimated
cost of generation and distribution of current, would practically dis-
appear. Even if there were three times as many substations, the step-
down transformers could be very well left to look after themselves.

The fact that certain parts of the lines are liable to be flooded, and
the importance of having a standard method of picking up current puts
the third rail on the sleepers, out of court altogether. It is possible to
use a third rail on underground railways (although even in such situations
it is questionable whether it would not be better to have smaller and
less get-at-able conductors fixed overhead), but on main-line railways
the difficulty of preventing people and occasionally animals getting on *
to the line would make the third-rail system quite too dangerous. The
conductors might be put into a conduit by the side of the track, but
there would be great complication at crossings and the. conduit
would, of course, be liable to be flooded. There is nothing for it,
therefore, but to suspend the conductors on span wires immediately
over the track, or else place them one above the other on poles at the
side of the road. The writer thinks this latter method the best; but the
point to be noticed is that as the conductors are to be overhead, it is
better to have them small in section j in fact, it is difficult to see how
anything but copper wire can be used. Now with small-section wire it
is clear that to run a train the voltage must be in the nature of thousands
rather than hundreds of volts.

It is, indeed, very questionable whether, at the high speeds of 50
miles an hour and upwards, the large currents required for low-voltage
working could be picked up conveniently. The limit for the ordinary
trolley wheel used on tramcars seems to be about 25 miles an hour, but
the Siemens bow and the collecting shoe will pick up current at higher
speeds; everything, however, appears to depend on the amount of
current. Messrs. Siemens and Halske have recently made experiments
with special bow trolleys, moving horizontally, picking up current from
three conductors fixed at the side of the road. The arrangement works
very well indeed, and it is found that the collection is best at the higher
pressure of 10,000 volts. Having three conductors at the. side of track
makes an exceedingly neat arrangement, as there are no span wires and
the bow contact allows plenty of variation in height for sag. Should
one trolley miss the wire, the motor will still continue to run on the
other phases.

With steam traction it is necessary, in order to reduce expenses, to
make up trains of considerable length, so long, in fact, that it is not an
unfrequent occurrence to have to pull up a train twice at a wayside
platform. Now with electric traction there is no advantage in having
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long trains ; in fact, it is rather the reverse, as current is always on tap, Mr- ScoU-
as it were. Short trains run at frequent intervals, give a more even
load, and as the staffs at the various stations are more regularly
employed, there is a more punctual service and an improvement of
conditions all round by enabling traffic and luggage to be handled with
greater facility. As Prof. Carus-Wilson rightly points out, the main-line •
railways pay fairly well as they are ; it is the short branch lines with
half a dozen or so trains a day which form the non-paj'ing portions of
the railway systems. Several such lines, worked electrically from a
common central station, could no doubt be made to give nearly as good
results as an electric tramway, and by feeding the trunk lines more
regularly would lead to an improvement of the system.

For the benefit of those speakers who seemed to think that a number
of small stations are preferable to one large one, it may be mentioned
that before deciding on the one station of 100,000 H.P. on the East
River frontage, New York, the Engineering Board of the Manhattan
Elevated Railway thoroughly considered nine different schemes, most
of them being for more than one station. The total length of third rail
on this line is 75 miles, and three-phase current is generated in the
central station at 11,000 volts.

Mr. LANGDON then replied briefly, but the full text of his reply, &[r-
with remarks added subsequently, is printed at the conclusion of the
discussion at Local Sections meetings (see p. 218).

The PRESIDENT : I think, gentlemen, you will have no hesitation in £he.,
' & J President

according to Mr. Langdon your warmest thanks for his paper
The vote was carried by acclamation.
The PRESIDENT announced that the scrutineers reported the

following candidates to have been duly elected :—

Associate Member:
Alfred Henry Bland.

Associate:
Ernest Philip Alphonso Law.

Student :
Samuel Blackley.




